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introduction
Uncertainty and change and our interactions with them are constants in our daily lives. This is applicable to not only the personal aspects of our lives but also for those aspects within medicine. From the preparation for, to the study and practice of it, uncertainty and change are inherent forces at work within medicine. We recognize that uncertainty and change are prevalent from the simplest patient-physician interaction to the most complex health system reorganization. However, when the concepts of uncertainty and change are discussed about medicine, the public, and the practitioners are often uneasy.
While the terms uncertainty and change are regularly used in conversations about the healthcare and medical education systems, to discuss their interactions and influences we must first have a shared understanding of their meanings. Uncertainty is defined as "the fact or condition of being uncertain" with uncertain being defined as "not certainly known or knowing." [1] In addition, change is defined as "the act or instance of making or becoming different." [1] Throughout this paper, we will discuss the evolving forces that currently exist throughout the medical education continuum at different levels and how these forces impact physicians. Boucher, Van Melle, Oandasan, and Touchie describe these levels as follows: "macro (created by and affecting large, national or transnational issues and players); meso (affecting local health systems or teams), or micro (affecting the individual clinician)" (2017, p. 385). [2] This paper will then examine the micro, meso, and macro level forces and the initiatives that can be undertaken at each level to assist manage uncertainty and change for both physicians and the public alike. Finally, the article will explore ideas that will need to be considered to facilitate the optimal practice and study of medicine in the realities of the 21 st century world and beyond.
uncertAinty, chAnge, And medicine Are intertWined
William Osler once described medicine as "the science of uncertainty and the art of probability (Osler in Kim and Lee). [1] Reimagining The practice of healthcare professionals is influenced by multiple circles and globally, these circles are drastically changing. These circles include national demographics, local needs, social accountability, public opinions/knowledge, pedagogy surrounding the training continuum, knowledge expansion (both in terms of the amount of knowledge itself and how readily the public can access it with technology -computer in a pocket aka smartphone/tablet) and social media forces. Currently, there are many forces at play within these circles; resulting in physician practice environments that are in a constant state of flux. In their previous article, Wooster and Maniate discussed these forces in detail. This article will expand on the influence of these forces on practicing physicians and the impact of uncertainty. The article will then address micro, meso, and macro level initiatives that can be taken to help physicians to manage uncertainty as well as providing support for trainees and practicing physicians alike. The article will conclude with a call for the development of a culture that is conducive to supporting physicians to deal with uncertainty and change that is inevitable.
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This is probably one of the more eloquent descriptions of the relationship between uncertainty and medicine. The role of uncertainty in medicine is inherent as it permeates all levels of medicine; from that of the medical trainee to the expert professor of medicine. While there is often trepidation about the uncertainty that permeates medicine, uncertainty is not necessarily a bad thing, for it often brings hope in difficult circumstances for an unanticipated positive response to treatment at the individual level rather than following the population statistics of treatment response.
Uncertainty is influenced by a variety of forces, including probability, ambiguity, and complexity. [1] It is important to understand the difference between these terms and the various roles they play in preparation for, the study and practice of medicine as they are often used interchangeably. Probability means the "likelihood of something happening" [1] while ambiguity refers to "an expression able to be interpreted in two or more ways" [1] In addition, complexity is defined as "being complicated and made up of parts." [1] For the remainder of this article, these terms will be used according to the definitions stated above.
Even though the interaction of uncertainty, change, and medicine have been noted for many years, the formal study of the interaction of these fields did not began until the early 1990s. [1] Part of the rationale for the commencement of the investigation of these forces in medicine at this time is that the early 1990s is often when the knowledge explosion was formally acknowledged to exist. [3] The concept of the knowledge explosion was initially studied in the mid-1960s, but it was not until the late 1980s and early 1990s, with the expansion of the personal computer and development of the Internet, that it truly occurred. [3] Looking back, in the early 1900s, human knowledge doubled every century. By the 1950s, it was doubling every 25 years. By 2013, clinical knowledge was doubling every 18 months and the average human knowledge was doubling every 13 months. [3] It is estimated that knowledge will soon be doubling every 12 h. At the present, the size of the Internet is estimated to be 14,929,285 petabytes, where 1 petabyte equals 1000 terabytes.
[4] This vast amount of knowledge and the rate at which it is increasing means that no one person can know all of the information that is currently available or exists. This is additionally true in medical specialities where this rapid growth in knowledge and the need to apply it fuels the drive to have even narrower scopes of clinical practice. This rapidly expanding knowledge base has increased the degree of uncertainty and the amount of change related to medicine and healthcare in general. In addition to knowledge and the Internet, there are other forces at play as well which are further discussed in greater detail in our previous article.
PrePAring for uncertAinty And chAnge in medicine
As the medical education continuum moves from a time-based system to a competency-based system, there will be a fundamental shift in how we envision medical education. In contrast to the current rigidity in structure and definitions noted for each level of practice, there will be greater fluidity and dynamism with knowledge acquisition and skill formation and perhaps attitudinal evolution.
For instance, an individual may be an expert in one clinical area but a novice in another. The fact that they are a novice in one area should not detract from their expertise in the initial area. For example, as we look at skills acquisition, there is generally an accepted progression that is noted in the individual from "unskilled" to "novice" to "intermediate" to "advanced" and finally to that of "expert." The transitions cannot be clearly defined with regard to time spent not only in each phase but also incorporates the consistent demonstration of competence. [5] The planned shift in training structure from time-based to competency-based necessitates the re-envisioning of our training paradigms from a step-wise format to one that is the spiral format. In addition, by shifting our thinking from the dichotomous model of trainee and practicing physicians to one that is visualized as the novice-expert paradigm, we allow for the fact that learning is truly a lifelong endeavor and one that should not and cannot end once a physician has entered into professional practice.
In general, when uncertainty and change are discussed; they are viewed as forces that will negatively impact the status quo. This is because, we as humans, but especially within the context of health care, are generally risk adverse. The more risk adverse an individual naturally is, the more they will be resistant to change and uncertainty. While the instinct of being resistant to change and uncertainty cannot be changed; practices can be learned to modify an individual's instinctive reaction to these forces. The modifications are what must be instilled into physicians if they are to be prepared for the realities of clinical practice in the 21 st century and beyond.
In his book, Smarter, Faster, Better, Charles Duhigg discusses productivity as a "process of learning with less stress and struggle." [6] Duhigg further discusses the concept of making "better" choices and taking control of the decision-making process. [6] These are concepts when they are applied to medicine would allow us to provide concrete skills for handling decision-making process while recognizing that we are within a culture of uncertainty and change. The first concept that needs to be accepted is that it is unlikely that the result will ever be fully known. Given the earlier discussion about the amount of knowledge that currently exists and the rate at which this knowledge is increasing, this confirmed uncertainty is something that will continue to be prevalent in our daily lives.
chAnge in PrActice
It is important for us as a profession and at the system level to recognize what is necessary to support the development of the individual who is ready to face uncertainty and change.
Diagnostic uncertainty is only one type of uncertainty that physicians face. It is defined as, "subjective perception of an inability to provide an accurate explanation of the patient's health problem." [7] It is the one that is discussed the most in the literature, but there still remains a lack of consensus on how to train and prepare for it. Most literature discusses the stress associated with it and the impact of the stress on trainees. [8] Guenter et al. remind us that Fox in 1957 noted that "our uncertainty might be the result of limitations or ambiguities in the medical knowledge base, or our own incomplete mastery of that knowledge base." [9] They go on to remind us that "much of our anxiety in our early careers stems from not knowing the difference." [10] While this may alleviate over time as the individual gain clinical expertise, this anxiety may flare up from time to time in the face of changes in clinical practice and management, for example with new knowledge, skills, equipment, or procedures.
Given the knowledge explosion, there needs to be a shift from knowledge memorization to understanding how and where to access the most up-to-date information to assist in clinical care and practice management decision-making. The realities of modern clinical care mean just-in-time access to such information that requires the individual to have a strong foundation of understanding medical principles and concepts that are broadly applicable, and on which other content is built on. Thus, the just-in-time information serves as a refresher or reminder of known knowledge or perhaps presents updated or expanded information that will inform the individual to adapt and apply this knowledge in a specific case.
This can be explained through a couple of examples. Example #1: adapting one's clinical practice to incorporate new evidence-based guidelines; example #2:inserting a central intravenous line or performing a thoracentesis with point-of-care ultrasound support; and example #3: Creating patient education materials that appropriately incorporate concepts of readability and accessibility.
creAting A system thAt suPPorts PhysiciAns through chAnge And uncertAinty
Recognizing the reality of uncertainty and change on our healthcare system and medical education, there is a need to consider what supports are needed regardless of the formal level of training that the individual is at, that is undergraduate medical education, postgraduate medical education or continuing professional development. There is the holistic level transition that an individual makes not only from novice to expert but also at specific subsets within an individual's experience, for example as they learn a new skill while maintaining their past expertise.
In light of the fluctuating or fluid transitions that occur between novice to expert, another issue that must be explored is how to identify individuals before fluctuating competency can result in issues of compromised patient care. Also related, is the necessity to appreciate what are the factors -personal, professional, social, etc., -that may be at play to result in fluctuating competency. For example, we know that sleep deprivation, something commonly impacting healthcare practitioners due to work hours and shift work, can compromise a highly functional and competent individual.
In reflecting on current practices in the healthcare system and medical education, most of the strategies and initiatives that are implemented are focused on preparing the individual-the micro level. While this is important, there are factors beyond the individual's control and influence that can prevent or prepare them for success.
When we consider the development of an individual, there are similarities with the extensive resources and efforts that are undertaken to create a long-lasting physical structure such as a building. Before one can begin, there is a need to understand the factors that will facilitate and hinder the building process. There must be thoughtful development plan, one that has contingencies for change and uncertainty in the process, but there must be sufficient time to consolidate and solidify before proceeding to further development.
For individuals, as they go through this thoughtful development process. There is a need to create a mentality and reality of support, one that has an established superstructure that will hold and support physicians as they transition. The structures must be able to identify and foster the foundational elements that are critical to the success of the individual as they progress through their career.
It is important to recognize that individual's do not function as isolated agents within the health care and medical education systems. The reality is that they must engage organizations/ systems (the macro level) and groups/departments (the meso level) to provide the care they do for patients and populations. Thus there is a need to examine their structures, policies, and processes to identify barriers and facilitators for individuals (and perhaps teams) to deal with uncertainty and change.
In doing so, perhaps there needs to be a culture of inquiry and curiosity that permeates the organization, one that embraces the reality of uncertainty and change, which seeks to quickly gather available knowledge, to analyze, and adapt that knowledge into the context experienced by physicians and other clinicians. Importantly, this culture needs to flatten hierarchy to permit voices to be heard and encourage speaking up to provide safe, high-quality patient care. Whether those voices are peer-physicians, or near-peer healthcare practitioners or even those of patients, families, and caregivers, they all provide an invaluable perspective.
Thus, healthcare organizations need to establish and develop their educational mandate to support clinical care delivery.
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